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Abstract
There are, at present, several gravitational and cosmological anomalies;
the dark energy problem, the lambda problem, accelerating cosmological
expansion, the anomalous Pioneer spacecraft acceleration, a spin-up of the
Earth and an apparent variation of G observed from analysis of the evolution
of planetary longitudes. These conundrums may be resolved in the theory
of Self Creation Cosmology, in which the Principle of Mutual Interaction
subsumes both Mach’s Principle and the Local Conservation of Energy. The
theory is conformally equivalent to General Relativity in vacuo with the con-
sequence that predictions of the theory are identical with General Relativity
in the standard solar system experiments. Other observable local and cos-
mological consequences oer an explanation for the anomalies above. The
SCC universe expands linearly in its Einstein Frame and it is static in its Jor-
dan Frame; hence, as there are no density, smoothness or horizon problems,
there is no requirement for Inflation. The theory determines the total density
parameter to be one third, and the cold dark matter density parameter to
be two ninths, yet in the Jordan frame the universe is similar to Einstein’s
original static cylindrical model and spatially flat. Therefore there is no need
for a ’Dark Energy’ hypothesis. As the eld equations determine the false
vacuum energy density to be a specic, and feasibly small, value there is no




1.1 A Possible Problem
This paper suggests that a series of disparate observations may now be rais-
ing questions about General Relativity (GR). The new theory of Self Cre-
ation Cosmology (SCC), (Barber, 2002), is presented as a viable alternative,
against which GR can be theoretically and experimentally compared.
The cosmological problems, as widely reported in the literature, are as fol-
lows: Firstly, although the familiar density, smoothness and horizon problems
of GR are at present resolved by Inflation, observations of galaxy clustering
and gravitational lensing seem to indicate the density parameter to be only
about a third of that required (Chae et al. 2002). Consequently the stan-
dard model demands the existence of unknown ’Dark Energy’ to make up
the missing mass (Chae et al. 2002). If some, or all, of of this mass is false
vacuum energy then, secondly, there is a ’Lambda Problem’ in which the
actual density of such energy is about 121 magnitudes smaller than theory
predicts (Efstathiou, 1995). Finally, ’cosmological acceleration’ (Perlmutter
et al., 1999) has presented GR with a formidable problem, which is being re-
solved by such suggestions as that of dark energy or a dynamic cosmological
constant  (t). (e.g. Vishwakarma, 2002)
Closer to home the Pioneer spacecraft appear to have an anomalous sun-
ward acceleration (Anderson et al. 2002a). There may be several explana-
tions of this acceleration and it may have several components, however, as it
has been observed a number of times, the excess over the General Relativity
acceleration
aP = (8.74  1.3) x 10−8 cm/sec2
is equal to cH if H = 87 km.sec-1/Mpc. Therefore it might be cosmological
in nature.
A second anomaly as reviewed by Leslie Morrison and Richard Stephenson
(Morrison and Stephenson 1998), arises from the analysis of the length of
the day from ancient eclipse records. It is that in addition to the tidal
contribution there is a long-term component acting to decrease the length of
the day which equals
M T/day/cy = −6 x 10−4 sec/day/cy.
This component, which is consistent with recent measurements made by arti-
cial satellites, is thought to result from the decrease of the Earths oblateness
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following the last ice age. Although this explanation certainly merits careful
consideration, and it is dicult to separate the various components of the
Earth’s rotation, it is remarkable that this value MT/day/cy is equal to H
if H = 67 km.sec-1/Mpc. The question is why should this spinning up of
the Earth’s rotation have a natural time scale of the order of the age of the
universe rather than the natural relaxation time of the Earths crust or the
periodicity of the ice ages? This anomaly also may therefore be cosmological
rather than geophysical in nature.
A third anomaly, which arises from the analysis of the residues of plane-
tary longitudes, reveals that the Gravitational constant appears to be varying
at a rate also of the order of Hubble’s constant. An analysis [Krasinsky’s et
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is equal to H
if H = 38 km.sec-1/Mpc, and therefore it too may be cosmological in nature.
If these are indeed three observations of Hubble’s constant, then their
values have a spread typical of other determinations of H with an average
of H = 64 km.sec−1/Mpc in good agreement with more orthodox meth-
ods. Although there may well be other explanations for these anomalies it is
remarkable that they all approximate Hubble’s constant.
The question that arises, if these three observations are a signal for H , to-
gether with the cosmological problems mentioned above, is, "Notwithstand-
ing the empirical success of GR, is there a problem?"
1.2 A Possible Solution
It was shown in the earlier paper (Barber, 2002) that SCC predicts identical
outcomes as GR in the classical tests. Therefore the high precision tests,
which have vindicated GR over many decades, also vindicate SCC. However
two other falsiable experiments were proposed in principle, which distin-
guish between the two theories. They ask the questions, "Do photons fall
at the same rate as particles?" and "Is there a cut o for the Casimir force
which approaches zero as space-time curvature approaches flatness?" Hence
the theory is falsiable. In this paper it will be shown that SCC also of-
fers solutions to the cosmological and local conundrums that were described
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above. It will be seen that not only does the theory not suer from a density,
smoothness or horizon problem and therefore it does not require Inflation,
but also the theory determines the universe’s density to actually be a third
of the critical density and therefore it does not require dark energy either.
SCC determines the density of the false vacuum from its eld equations to
be a specic and feasibly small value, thus it appears to resolve the ’Lambda
Problem’ as well. Finally observations of distant standard candles such as SN
Ia would detect cosmic acceleration. It is here suggested that Self Creation
Cosmology is a viable alternative to General Relativity.
1.3 The Principles of SCC
Einstein gave some consideration to two concepts that are not included in
GR. They are the local conservation of energy and Mach’s Principle. At
various times since the publication of Einstein’s GR papers these concepts
have been considered independently, in SCC they are considered together.
The rst non-GR concept, the Local Conservation of Energy can be appre-
ciated by considering the conservation of four-momentum, P ν, of a projectile
in free fall, which is a fundamental property of any metric theory such as GR
as it necessarily follows from the equivalence principle. As a consequence the
energy or ’relativistic mass’ of a particle, (P 0), is not conserved, except when
measured in a co-moving frame of reference, or in the Special Relativity (SR)
limit. In any metric theory a particle’s rest mass is necessarily invariant as it
is mathematically identical to the norm of the four-momentum vector. This
requirement here denes the Einstein frame (EF). (Note: In the Brans and
Dicke theory (BD) the EF is that conformal frame in which G is constant.)
The local non-conservation of energy is a consequence of the fact that energy
is not a manifestly covariant concept, that is its value is relative to the iner-
tial frame of reference in which it is measured. As the equivalence principle
does not allow a preferred frame, there is no denitive value for energy in
any metric theory.
The second non-(fully)GR concept is Mach’s Principle. This suggests that
inertial frames of reference should be coupled to the distribution of mass and
energy in the universe at large, hence one would actually expect there to be
a preferred frame, that is a frame in which the universe as a whole might
be said to be at rest, in which P 0 is conserved, in apparent contradiction to
the spirit of the equivalence principle. In fact such a frame of reference does
appear to exist, it is that in which the Cosmic Background Radiation (CBR)
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is globally isotropic.
The new theory, SCC, links and resolves these two problems together by
proposing that energy is locally conserved when measured in a particular,
preferred, frame of reference as selected by Mach’s principle, that is the
Center of Mass (CoM) of the system. It thus denes what is called the
Jordan (energy) Frame [JF(E)] in which rest mass is required to include
gravitational potential energy, as dened in that CoM frame of reference.
This local conservation of energy requires the energy expended in lifting
an object against a gravitational eld to be translated into an increase in
rest mass. If N (x
µ) is the dimensionless Newtonian gravitational potential
dened by a measurement of acceleration in a local experiment in a frame of
reference co-moving with the Centre of Mass frame (CoM),
d2r
dt2
= −rN (r) (1)




rmp (xµ) = rN (xµ) , (2)
where mp(x
µ) is measured locally at xµ. This has the solution
mp(x
µ) = m0 exp[N (x
µ)] , (3)
where mpr ! m0 as r !1 .
The gravitational eld equations of the new theory are modied to explicitly
include Mach’s principle, following BD, (Brans & Dicke, 1961), by including






[TMµν + Tφ µν ] . (4)
where TMµν is the energy momentum tensors describing the matter eld.
The scalar eld φ  1
GN
is coupled to the large scale distribution of matter in
motion, described by a eld equation of the simplest general covariant form
φ = 4piTM , (5)
TM is the trace, (T
σ
M σ), of the energy momentum tensor describing all non-
gravitational and non-scalar eld energy and where the Brans Dicke param-
eter λ has been determined to be unity. (Barber, 2002)
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In SCC mass is created out of the gravitational and scalar elds according
to the Principle of Mutual Interaction (PMI), in which the scalar eld is a
source for the matter-energy eld if and only if the matter-energy eld is a
source for the scalar eld.
rµT . µM ν = fν (φ) φ = 4pifν (φ)TM , (6)
As a consequence photons still do traverse null-geodesics, at least in vacuo,
rµT µem ν = 4pifν (φ) Tem = 4pifν (φ) (3pem − ρem) = 0 (7)
where pem and ρem are the pressure and density of an electromagnetic radi-









2 The SCC Conformal Transformation
These SCC principles have the consequence (Barber, 2002) that in the Jor-
dan Frame, in which energy is locally conserved in the Centre of Mass frame
of reference, a photon has constant frequency and its energy is conserved
even when transversing a gravitational eld. Gravitational red shift is inter-
preted as the apparatus measuring it gaining potential energy, rather than
the photon losing energy.
There are two questions to ask in order that a Weyl metric may be set
up spanning extended space-time; "What is the invariant standard by which
objects are to be measured?" and "How is that standard to be transmitted
from event to event in order that the comparison can be made?" In GR and
the SCC EF the principle of energy-momentum conservation, i.e. invariant
rest mass, determines that standard of measurement to be xed rulers and
regular clocks. In the SCC JF(E), on the other hand, the principle of the
local conservation of energy determines that standard of measurement to be
a "standard photon", with its frequency (inverse) determining the standard
of time and space measurement, and its energy determining the standard of
mass, all dened in the CoM, Machian, frame of reference.
In this theory the EF is the natural frame in which to interpret exper-
iments and observations of matter and the JF(E) is the natural frame in
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which to interpret astronomical and cosmological observations and gravita-
tional orbits. The conformal transformation of a metric gµν into a physically
equivalent alternative g˜µν is described by
gµν ! g˜µν = Ω2gµν . (9)
The JF of SCC requires mass creation, ( rµT µM ν 6= 0 ), therefore the
scalar eld is non-minimally connected to matter. The JF Lagrangian density
is,








+ LSCCmatter [g, φ] , (10)
and its conformal dual, [Dicke (1962)], by a general transformation g˜µν =
Ω2gµν , is





φ˜R˜ + 6φ˜˜ ln Ω
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Now mass is conformally transformed according to
m (xµ) = Ωm˜0 (12)
[see Dicke, (1962)], where m (xµ) is the mass of a fundamental particle in the
JF and m˜0 its invariant mass in the EF. Therefore the local conservation of
energy in the SCC JF, Equations 3 and 12, require
Ω = exp [N (x
µ)] . (13)
The question is, "How does φ transform?" In the BD EF and the GR
JF where gravitation and mass are inextricably combined, the conformal
transformation of the scalar eld depends on the dimensionless and therefore
invariant,
Gm2 = G˜m˜2 (14)
i.e. φ˜BD = φBDΩ
−2 .
Dening the conformal transformation Ω by





which in the BD case, where G˜ is constant, requires α = 1
2
.
In SCC, however, it is postulated that potential energy should also be
convoluted with gravitation and mass. This is achieved by including the
conformal parameter, Ω, which is now an expression of potential energy,
with the gravitational ’constant’ and mass. The dimensionless conformal
invariant now becomes
Gm2Ωβ = G˜m˜2Ω˜β . (17)
Now Ω˜ = 1 by denition therefore Gm˜2 is invariant in that frame, and








− 2 . (19)
If ω = −3
2




R˜ + L˜SCCmatter [g˜] , (20)
where matter is now minimally connected. Thus with these three conditions
the conformal transformation of the Lagrangian density, Equation 10, reduces
to canonical GR. This unique frame is designated the Jordan energy Frame,
[JF(E)] because in it energy is locally conserved. The last condition, l˜n Ω =
0, is the vacuum condition,˜˜N (x˜µ) = 0, as this reduces to r˜2˜N (x˜µ) = 0 in
a harmonic coordinate system. The metrics thus relate in vacuo according
to Equation 9
gµν ! g˜µν = exp [2N (xµ)] gµν , (21)
where g˜µν is the GR metric. As matter is minimally connected in the EF it
is necessary rst to carry out the variational principle in that frame and then
conformally transform the result into the JF(E).
The energy-momentum tensor of matter is thereby dened in the EF by
T˜ SCCMµν =
2√
−g˜
∂
∂g˜µν
(√
−g˜L˜SCCmatter
)
. (22)
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